Cover photo: View from Juke Box trench toward the northwest. The entrance to Juke Box Cave is visible in the background on the east-facing slope of the Leppy Hills near the high end of the steep arcing trail on the colluvial slope below the rocky outcrops (visible in the upper middle of the photo).
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INTRODUCTION
In this report, we describe the stratigraphy exposed in an open trench at the western edge of the mud and salt flats of the Great Salt Lake Desert (GSLD) near Wendover, Utah (USA). The trench was first excavated by a bulldozer, possibly during the development of a spring during and after World War II. In 1986, D.B. Madsen and others used a backhoe to enlarge and extend the trench in order to examine the Holocene wetland sediments; this work was undertaken from an archaeological perspective because the spring and its associated wetlands were used by prehistoric inhabitants of nearby Juke Box and Danger Caves (Jennings, 1957) on the southeastern-facing slopes of the adjacent Leppy Hills ( figure  1A ). In 2009, the trench was enlarged again by J.S. Pigati and C.G. Oviatt to freshen the exposures and study the stratigraphy of the Bonneville and post-Bonneville sediments. The trench was re-examined in 2013 by D.E. Rhode, who cleaned the walls of the trench and collected new samples for examination of the composition of the gravel and for radiocarbon analysis. Murchison (1989) discussed the trench as it existed in 1986, but we have found that his description was incomplete and incorrect. In this report our goal is to provide an accurate, but generalized, description that can be used as the basis for other more detailed and interpretive studies or as a guide for visitors to the site.
The exposure of Lake Bonneville sediments in the trench is excellent and provides a nearly complete view of the stratigraphy of Lake Bonneville, almost as complete as the sedimentary record preserved in Great Salt Lake at a slightly lower elevation, where the entire history of Lake Bonneville is recorded (for example, see Thompson and others, 2016) . Lake Bonneville was the largest late Pleistocene lake in the Great Basin of North America. At its highest level it was over 300 meters (m) deep in the center of the basin near modern Great Salt Lake and covered more than 50,000 km 2 of what is now western Utah and the adjoining states of Nevada and Idaho. Detailed scientific investigations of the lake began with G.K. Gilbert (1890) , and it is a well-studied example of a geologically recent and large lake that formed in response to global climate change in what is now a dry desert. We refer the reader to publications by Madsen and others (2001) , Oviatt (2014) , Munroe and others (2015) , and Oviatt and Shroder (2016) , in addition to numerous other papers cited therein, for additional background on Lake Bonneville and the postBonneville Gilbert episode. Holocene sediments exposed in Juke Box trench have not been studied in detail. A good analysis of the Holocene pollen record for the western Great Salt Lake Desert is given by Louderback and Rhode (2009) .
Juke Box trench lies about 400 m southeast of the entrance to Juke Box Cave and about 900 m north of Danger Cave, about 3 km northeast of Wendover, Utah, and 8 km west of the Bonneville Salt Flats ( figure 1A ). Its elevation is 1297 m, and is located 40.7549° N, 114.0102° W, roughly 3 km into Utah from the Nevada state line. For comparison, the modern average elevation of Great Salt Lake is 1280 m. The trench is located in a Utah State Park Heritage Area, and in 1961 nearby Danger Cave was designated a National Historic Landmark.
Juke Box trench is oriented northwest to southeast (figure 1B) below the lower limit of modern alluvial-fan gravel, where the ground surface slopes less than 3° toward the southeast at the western edge of the mudflats. The trench is 40 m in length, 7 m in width, and oriented roughly perpendicular to the trend of the nearby mountain front and the margin of the mudflats. The trench has a broad step about 1.5 m wide and about 2 m below the ground surface above a narrow inner trench, which itself is ~1.5 m wide and ~1 m deep. A square pit, roughly 4 m across and 3 m deep, adjoins the trench at the southeast end. The pit has a narrow ~1.5 m wide trench extending from it to the north into a dry spring pool about 10 m across. The spring pool curves around to the southeast into a channel that contained flowing water when the spring was running. We measured a series of stratigraphic sections along the southwest-facing wall of the main trench above the step (sections 1-5); the three eastern-most measured sections (6, 7, 8) are in the pit and on the walls of the short north-trending trench (figures 1B, 2-6).
Finally, we note that the name "Juke Box" is not listed in the Geographic Names Information System (https://geonames. usgs.gov). As an informal geographic name, however, various spellings have been used for the spring associated with Danger and Juke Box Caves. The spelling for the cave on the 1971 U.S. Geological Survey Leppy Peak 7.5-minute quadrangle is "Jukebox." In the original report of cave excavations (Jennings, 1957 ) the name is given as "Juke Box." In this report we employ the spelling "Juke Box" for the cave, trench, and spring.
The ground surface near the middle of Juke Box trench has an elevation of 1297 m, and the upper elevational limit of the gravel, which we think was deposited during the Gilbert episode (see elsewhere in the text), is about 1296 m (Oviatt, 2014) . This is within the estimated range of elevations of the upper limit of the Gilbert-episode lake (1295 -1297 Oviatt, 2014) . Local variations in elevation of the Gilbert-episode lake should be expected because of variations in incoming wave direction, fetch, shorezone gradient, and other factors; a precise and unique elevation for the upper limit of the Gilbert-episode lake, which would apply everywhere in the basin, cannot be given.
METHODS
Field Descriptions
At each measured section in the open trench, we described stratigraphy and sedimentology of the deposits at both the outcrop scale (e.g., bedding, unit thickness, stratigraphic relations) and hand-sample scale (e.g., grain size, sorting, color, fossil content). Field textures were determined using procedures described in the U.S. Department of Agriculture's Soil Survey Manual (1951) , and sediment colors were determined using the Munsell Soil Color Chart. All described sections were documented with photos, and their positions were recorded with a hand-held GPS unit relative to the 1984 World Geodetic System (WGS84) reference datum. A horizontal string held in place by nails was used as a reference line for measuring thicknesses of stratigraphic units and as the datum for the measured sections in figure 5 . The locations of measured sections are given in table 1.
Physical and Microfaunal Properties
The percentages of total inorganic carbon (TIC) and acidinsoluble sand-sized particles (>62.5 µm) were measured using a Chittick apparatus (Machette, 1986) in the sedimentology laboratory at the Department of Geology, Kansas State University. Ostracode samples prepared by Jordon Bright (formerly Northern Arizona University, now University of Arizona; samples from sections 1, 5, and 6) were treated by soaking and gently agitating the sediment in a weak solution of bicarbonate-sodium hexametaphosphate for up to a week. Samples were then washed with hot water over a 150 µm sieve, and individual ostracode valves were handpicked, sonicated gently, rinsed with deionized water, and dried under laminar flow. Ostracode identifications by Jordon Bright are given in table 2. Ostracode samples prepared by C.G. Oviatt (samples taken at 2-cm intervals in section 1) were immersed in boiling water to which sodium bicarbonate was added, then allowed to cool; after cooling, sodium hexametaphosphate was added to the solution, followed by freezing, thawing, washing through a 180-µm sieve, and drying, following the procedure of Forester (1988) . Adult ostracode valves were identified under lowpower magnification using a binocular microscope. The occurrence of different species in the samples is plotted in figure 6 . Sediment samples from gravel and sand units were sieved using 0.5 and 2.0 mm sieves, and fish bones and plant remains were then hand-picked from the >0.5 mm and >2.0 mm fractions under low-power magnification using a binocular stereo-zoom dissecting microscope.
Radiocarbon Dating
Radiocarbon ( 14 C) dating of a variety of materials was used to determine ages of the post-Bonneville wetland deposits. The two organic samples collected in 2009 (WW-7863 and WW-7864) were treated using the standard acid-base-acid procedure prior to combustion ("WW" indicates the U.S. Geological Survey Radiocarbon Laboratory, Reston, Virginia, USA). The resulting CO 2 gas was measured manometrically and split into two aliquots. One aliquot was converted to graphite using an iron catalyst and the standard hydrogen reduction process and submitted for AMS 14 C analysis. The second aliquot was submitted for δ 13 C analysis in order to correct the measured 14 C activity of the dated material for isotopic fractionation. 14 C samples collected prior to 2009 were prepared and dated by Beta Analytic, Inc., Miami, FL. The 14 C sample collected in 2013, which consisted of seeds of Ruppia sp. cf. cirrhosa (spiral ditchgrass), was also prepared and measured by Beta Analytic. Five of the 14 C ages were calibrated using the CALIB 7.1 program and the IntCal13 dataset (Stuiver and Reimer, 1993; Reimer and others, 2013) , and the resulting ages are presented in ("organic 1" and "organic 2" in figure 4E ). The gravel is interpreted to be of Gilbert-episode age. 
DESCRIPTIONS OF STRATIGRAPHY
Stratigraphic Section 1
The following description of the strata exposed in the trench walls is generalized. The trench provides an excellent window into the late Pleistocene and Holocene geologic history of this area, and this generalized description should be refined by future efforts that will involve detailed logging and analyses of the sediments exposed in the trench walls.
A small exposure of coarse limestone or dolomite gravel (not shown in figure 5 ) derived from the Paleozoic carbonate bed- rock in the nearby Leppy Hills protrudes from below the marl at the base of the trench at its northwest end. The gravel is well cemented and could have been deposited as fan alluvium, or could be part of a pre-Bonneville lacustrine barrier-the exposure in the trench floor is too small to determine the depositional environment of the gravel. Overlying the cemented gravel is about half a meter of oolitic sand, which in places is cemented into flat plates. We have observed oolitic sand at this stratigraphic position (beneath the Bonneville marl) at many places in the GSLD, including in Pilot Valley north of the trench, northeast of Juke Box Cave along the Leppy Hills, on the east side of the GSLD near Knolls, and south of Wendover near Blue Lake. In Juke Box trench, the oolitic sand is overlain by a complete section of marl deposited in Lake Bonneville (section 1; figure 6).
A regular series of sedimentary sub-facies within the Bonneville marl has been recognized in sediment cores and outcrops throughout the lower-elevation parts of the Great Salt Lake basin (Oviatt and others, 1994; Oviatt, 2018) . These sub-facies include, from the base upward, laminated marl (LM) deposited between approximately 30,000 and 24,000 yr B.P., massive marl (MM) deposited between approximately 24,000 and 18,000 yr B.P., the Bonneville flood bed (BF) deposited approximately 18,000 yr B.P., and marl deposited during the Provo overflowing phase and the post- found in some samples of MM and PM, and it is likely that adult valves of C. adunca were also present at the time the marl was deposited but are no longer preserved (the relatively large valves of C. adunca are thin and fragile, and the marl exposed in Juke Box trench is desiccated and compacted). The MM was deposited during the middle-to-late transgressive phase of the lake, including the time of development of the Bonneville shoreline at the end of the transgressive phase. An abrupt, flat contact at the top of the MM is interpreted as the base of the BF bed, which is overlain by PM. The ostracodes Cytherissa lacustris and Candona sp. cf. eriensis (table 2) are found in the PM, both of which are indicator species for the regressive phase of Lake Bonneville (Oviatt, 2017).
Data for TIC and acid-insoluble sand are shown in figure 6. TIC and % sand were analyzed in one sample above the BF. Calibrated ages (in years before present, A.D. 1950) were calculated using CALIB 7.1, IntCal13 dataset (Stuiver and Reimer, 1993; Reimer and others, 2013) . In all cases the probability of the calibrated age falls within the reported range as calculated by CALIB. Calibrated age ranges are based on uncertainties at the 2σ (95%) confidence level. 14 C uncertainties are given at 1σ (68%). Median calibrated ages are rounded to the nearest decade for WW-7863 and WW-7864, and to the nearest century for Beta-23645, Beta-18804, and Beta-21807. The precise locations of samples Beta-23645, Beta-18804, Beta-21807, and Beta-21808 (in gray boxes), are poorly known partly because they were collected from the walls of the 1980s trench, which no longer exists. 14 C ages for Beta-361371 and Beta-21808 are greater than expected; see text for discussion. HW = Holocene wetland deposits. TIC generally decreases from the base of the Bonneville marl upward to the BF, and increases slightly in the one sample above the BF. Sand percentage is generally higher at the base of the section than near the top of the LM; the sand spikes in the MM may represent density flows (turbidites) that were generated on the nearby steep mountain front as the lake became very deep (up to 290 m at this site). It is possible that the sand content of the marl at Juke Box trench is greater than the data in figure 6 show because sand-sized fragments of limestone or dolomite derived from Paleozoic carbonate bedrock units in the nearby mountains might have been dissolved in the acid treatment of the samples and not recorded as siliciclastic sand.
Stratigraphic Sections 2 Through 8
Most of the sediments exposed in sections 2 through 8 consist of Holocene-aged wetland (marsh) deposits. An unconformity cuts out the upper part of the Bonneville stratigraphic sequence between sections 1 and 3 then extends farther to the southeast (figures 2-5). The unconformity is directly overlain by gravel in section 3. The gravel is well sorted and weakly cross-bedded, with cross-beds dipping at a low angle toward the southeast (basinward). The gravel contains fish bones identified by J.M. Broughton (University of Utah, 2017) as some species of Salmoninae (most likely cutthroat trout [Oncorhynchus clarki], or bull trout [Salvelinus confluentus]), and whitefish (Prosopium sp.). We currently do not have enough information to determine whether the fish were living in the lake that deposited the gravel or were winnowed from the Bonneville marl at the site as waves in the Gilbertepisode lake eroded and dispersed the fines.
The sand bed consists of poorly sorted fine sand, which in places contains mud beds. It lies stratigraphically above the unconformity and above the organic bed dated at 10,700 yr (table 3; figures 2 and 4E). The sand bed contains aquatic gastropods of the genus Tryonia near sections 4 and 5 (figure 5), and ostracodes that live in springs and wetlands (table 2) . A possible interpretation of the sand is that it was deposited in a pool fed by groundwater discharging into Juke Box spring.
The relatively steep unconformable surface between sections 1 and 3, where it cuts out marl deposited in Lake Bonneville, may be the shoreline angle at the base of the wave-cut bluff of the Gilbert-episode lake. However, from the evidence in the trench alone, it is not possible to know how much higher the lake that produced the unconformity might have reached. The suggestion that the steep segment of the unconformity is the shoreline angle of the Gilbert-episode lake is partly based on the inferred elevation of the upper limit of that lake.
Stratigraphically above the lacustrine gravel is calcareous mud that contains vertical root traces and is finely bedded to massive. These sediments contain beds of black, organicrich mud and peat composed of leaves and stems of wetland plants (including bulrush [Scirpus sp. sensu lato). A thin layer of white volcanic ash, identified as the Mazama ash (table 4 ; appendix), varies in thickness from 0 to 3 cm, and averages about 2 cm. Abundant irregularly shaped nodules of calcium carbonate, mostly less than ~3 cm in diameter, are eroding out of the upper third of the wetland muds and the upper part of the Bonneville marl. The nodules were probably precipitated in interstitial spaces in the sediments as groundwater evaporated from the fine-grained deposits; the nodules are now being eroded out of the mud at the ground surface.
Calibrated 14 C ages of organic materials in samples from the wetland muds range in age from 10,700 to 1200 yr B.P. (table 3) . Four 14 C ages were obtained in the 1980s, two in 2009, and one in 2013. One of the samples collected at section 6 (figure 5) (WW-7864;), from a 3-cm thick interval directly below the Mazama ash yielded an age of 9510 yr B.P. The age of the Mazama ash (7630 yr B.P.) is well known, having been dated numerous times using the 14 C ages of materials associated with it at many localities in western North America, and by ice-layer counting in the Greenland ice sheet (Zdanowicz and others, 1999). It is not clear why the calibrated age reported here is much older than the ash; possibilities are that there are significant hard-water effects in the spring/wetland system that caused the calibrated 14 C age to be too old, or that there is an unconformity between the radiocarbon age and the volcanic ash in section 6. Regardless of these chronologic details, which can probably be resolved with future work, the wetland deposits at Juke Box trench are clearly of Holocene age.
One of the 14 C samples from the 1980s (Beta-21807; ~10,740 yr B.P.; table 3) was collected from organic-rich sediments directly above the gravel. This age is consistent with the inferred age of the gravel (~11,500 yr B.P.; Oviatt, 2014).
The 14 C age of Tryonia sp. shells collected from sand near and just southeast of section 5 is greater than would be expected based on the stratigraphic context and 14 C ages below and above the sand (figure 3; table 3; younger than 10,740 yr, and older than 9540 yr). The reported 14 C age of the snail shells is about 24,300 14 C yr B.P. (table 3) . The Tryonia sp. snails are aquatic organisms and obtain their carbon primarily from the water, not from the atmosphere. Therefore, it is possible that some or all of the carbon in the dated sample was derived from old groundwater (i.e., the "hard-water effect") that had discharged in the spring and wetland. A similar explanation might apply to the 14 C age of the Ruppia sp. seeds collected from the same sand unit (table 3) -Ruppia utilizes inorganic carbon in bicarbonate dissolved in the water, not carbon in CO 2 from the atmosphere. The 14 C age of the Ruppia sp. seeds is about 18,800 14 C yr B.P., but the "true" age must be roughly 9000 14 C yr B.P. (10,000 cal yr B.P. 
Historical Changes
Apparently the spring at the Juke Box trench site was actively flowing in historic time; it may have been developed as a water source for the city of Wendover and/or for the nearby military base during and after World War II. The spring channel, which was dug during historic time, and which leads toward the southeast away from the trench, contains clumps of dried bulrush-root mat. Piping (erosion) is well developed in the Lake Bonneville marl and wetland deposits in the area around the trench and at least 6 km to the northeast along the base of the Leppy Hills and Silver Island Mountains. Piping is caused by water flowing into cracks in silty sediment (Parker, 1964) . The cracks, which form in response to sediment drying, widen through time as more water runs through them, and an extensive underground network of open passageways develops, with sink holes at the surface that admit more water when it rains.
The cracks observed around the trench would not have formed in the silty Bonneville and wetland deposits unless the sediments had dried out. The water table was near the ground surface in the vicinity of the spring while the spring and wetland were active during the Holocene and early 20th century, but the water table is now lower than the lowest part of the trench (2.5 to 3 m below the ground surface), thus indicating that the water table has dropped since the middle of the 20th century.
rectly comparable to samples from localities around the world that had received their carbon from the atmosphere.
Oviatt and others (2015) have hypothesized that after Lake Bonneville regressed to its lowest levels, groundwater leaked out of upland aquifers, where it had been stored for thousands of years, onto the basin floor, and that the rate of groundwater discharge would have been greater during the latest Pleistocene and early Holocene than later in the Holocene because the difference between the groundwater hydraulic heads in the recharge areas and discharge areas was greater at that time than it was later in the Holocene. Wetland deposits formed during the 1500-yr period between the end of Lake Bonneville (~13,000 yr B.P.) and the culmination of the Gilbert episode (~11,500 yr B.P.) have not been found near Juke Box trench, although it is likely they were present but eroded away by waves in the Gilbert-episode lake. The Juke Box wetland was more extensive during most of Holocene time than in historic time, given the distribution of wetland deposits exposed in the trench compared to the relatively meager spring-flow organic mats from historical time. At Blue Lake spring, about 30 km south of Juke Box trench, the shells of living snails have an apparent age of 21,000 to 22,600 yr B.P. (based on two 14 C ages of modern snail shells: 18,730 ± 130 14 C yr B.P. Melanoides sp., AA83867; and 17,500 ± 120 14 C yr B.P., Planorbidae, AA83868; Jay Quade, University of Arizona 2009), and modern groundwater discharging at the spring has a Lake Bonneville age (Lerback and others, 2017). Thus, old groundwater is currently being discharged at Blue Lake Spring on the western margin of the GSLD, and old groundwater likely was discharged at Juke Box spring during the early Holocene.
Test Pits
After the main trench was enlarged in 2009, we asked the track-hoe driver to dig four pits near the trench (figure 1B) to look for the lacustrine gravel deposited during the culmination of the Gilbert-episode lake. We did not encounter the gravel or Holocene wetland deposits in any of the test pits (table 5) . 
SUMMARY OF GEOLOGIC HISTORY
The sequence of paleohydrologic events that can be deduced from the deposits at Juke Box trench (table 6; figure 7) is consistent with the late Pleistocene and Holocene history of the basin as documented by many researchers (see multiple references in Oviatt, 2014 Oviatt, , 2015 Oviatt and Shroder, 2016) . The following summary is derived from deposits exposed in the trench and events deciphered elsewhere in the basin.
In ascending order, coarse gravel was deposited in an alluvial fan or a lacustrine barrier at the site of the trench, followed by the deposition of oolitic sand in a shallow saline lake in the GSLD. Both of these depositional events are undated but occurred prior to the initial transgression of Lake Bonneville. At about 30,000 yr B.P. Lake Bonneville began to rise in the basin. During the time when the level of Lake Bonneville was higher than the elevation of Juke Box trench, offshore marls were deposited, from just after 30,000 yr B.P. until just prior to 13,000 yr B.P. when the lake had regressed to elevations similar to those of modern Great Salt Lake. During a period of about 1500 yr, from about 13,000 to 11,500 yr B.P., the lake remained at elevations lower than Juke Box trench. No deposits from this period have been identified in the trench, although it is likely that the spring was active at this time and that wetland deposits of this age were present in the trench area. The culmination of the Gilbert episode, during which Great Salt Lake rose about 15 m higher than its modern average elevation, occurred at about 11,500 yr B.P. At the trench site, part of the Bonneville marl, and any wetland deposits that had been laid down after the final regression of Lake Bonneville and prior to the Gilbert episode, were eroded by the Gilbert-episode lake; the gravel exposed in the trench was probably deposited at the margin of the lake at this time. During most or all of the Holocene, poorly sorted sand, and carbonate-and organic-rich muds, were deposited in wetlands around the spring. Groundwater continued to discharge in the spring and wetland into the 20th century before drying up altogether.
CONCLUSIONS
Exposures of late Quaternary sediments in the Juke Box trench are available for casual observation or detailed study. Extensive sampling and/or additional excavations should be approved by the Utah Division of State History in Salt Lake City, but casual observations at the trench do not require a permit. The stratigraphic units exposed in the Juke Box trench, and the geomorphology and archaeology of the surrounding area, will provide future scientists opportunities for research into the late Pleistocene and Holocene history of this part of the GSLD.
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. Summary diagram showing the relative ages of lithologic units exposed in the Juke Box trench compared to the approximate lakelevel changes during the Bonneville lake cycle (dashed line). Elevations are adjusted for the effects of differential isostatic rebound in the basin (Oviatt, 2015), which does not affect elevations below about 1300 m, as at Juke Box trench.
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